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Biliary stricturesAbstract Purpose: To investigate the added value of diffusion-weighted imaging (DWI) to mag-
netic resonance cholangiopancreatography (MRCP) in differentiating benign from malignant extra-
hepatic biliary strictures.
Methods: Magnetic resonance examination including, T2-weighted imaging, MRCP and DWI
using different b-values (0,500,800 s/mm2) were performed in 38 patients with suspicious extrahe-
patic biliary strictures. Apparent diffusion coefﬁcient (ADC) value was calculated. The signal inten-
sity of the lesions on DWI using b= 500 and 800 s/mm2 was examined. Analysis of the DWI and
MRCP images for the cause of the extrahepatic biliary stricutre was performed. Patients were fur-
ther conﬁrmed by histopathological diagnosis and follow up. Sensitivity, speciﬁcity, accuracy, posi-
tive predictive and negative predictive values were calculated for both the MRCP images and DWI.
Results: Of the 38 cases, 23 cases had malignant extrahepatic biliary strictures and 15 had benign
strictures. DWI detected 21 out of the 23 malignant biliary strictures and 14 out of 15 benign biliary
strictures. Malignant strictures more frequently appeared hyperintense than benign strictures on
DWI using b-values of 500 and 800 s/mm2. There was a signiﬁcant difference in sensitivity
(91.3% vs. 73%), speciﬁcity (93.3% vs. 64.7%), accuracy (92.1% vs. 73.6%), positive predictive
value (95.4% vs. 81%), and negative predictive value (87.5% vs. 64.7%) between DWI and MRCP
in differentiating biliary strictures.
720 R.A. Maarouf et al.Conclusion: Combined evaluation using DWI added to MRCP improves the differentiation of
malignant from benign extrahepatic biliary strictures.
 2013 Production and hosting by Elsevier B.V. on behalf of Egyptian Society of Radiology and Nuclear
Medicine. Open access under CC BY-NC-ND license.1. Introduction
Accurate methods for detecting bile duct abnormalities in pa-
tients with obstructive jaundice are important to both surgeons
and endoscopists. Endoscopic retrograde cholangiopancrea-
tography (ERCP) is still the gold standard for exploration of
the biliopancreatic region, however, it requires direct cannula-
tion of the common bile duct, sedation and the use of ionizing
radiation. In addition, ERCP is associated with signiﬁcant
complication rates (1). Magnetic resonance cholangiopancrea-
tography (MRCP) is a non-invasive and safe alternative to
diagnostic ERCP for imaging the biliary tree and investigating
biliary obstruction (2). With the development and continuous
improvement of magnetic resonance imaging (MRI) hardware
and software, the use of phased-array surface coils, high-gradi-
ent amplitudes and the application of parallel acquisition tech-
niques to reduce scan time and improve spatial resolution as
well as the wide use of the shortened echo-chain technique in
spin-echo echo-planar imaging (SE-EPI), diffusion-weighted
imaging (DWI) has been increasingly used in a wide variety
of clinical applications (3–5).
Contrast-enhanced MRI combined with MRCP has been
found to be accurate for diagnosis of biliary diseases. The role
of DWI for the evaluation of biliary diseases has not been fully
established. Yet, because DWI yields qualitative and quantita-
tive information regarding cell membrane integrity and tissue
cellularity, DWI can be used to differentiate normal from
abnormal structures of tissues better; and thereby helping in
the characterization of various abnormalities in the biliary
tract when added to conventional MRI (6).
Thus, the purpose of this study was to investigate the added
value of DWI to MRCP for the diagnosis and differentiation
of malignant and benign strictures of the extrahepatic biliary
tree.
2. Materials and methods
2.1. Patients
This study included a total of 49 patients, who were examined
between July 2012 and April 2013, at the Ain Shams Univer-
sity Hospital MRI Unit. Their main clinical symptom was
jaundice.
The total number of patients was narrowed by the follow-
ing exclusion criteria: Patients who underwent biliary interven-
tional procedures such as endoscopic biliary drainage, biliary
stent placement and percutaneous transhepatic biliary drain-
age, before MRCP. Accordingly, 6 patients were excluded.
Additionally, ﬁve patients were excluded due to the absence
of a follow up or conﬁrmation of a histologic proof of the
cause of the stricture. Thus, the remaining 38 patients were in-
cluded in the study after obtaining an informed consent.2.2. MRI technique
All examinations were performed on a 1.5 MR scanner
(Achieva; Philips Medical Systems, Bothell, WA, USA) using
a Torso radiofrequency coil.
The patients were fasting for 4–6 h before imaging.
All patients underwent axial and coronal T2 fast ﬁeld echo
(FFE), axial T2 single shot turbo spin echo (SSH TSE), 3D
MRCP turbo spin echo (TSE), 2D breath hold-single shot tur-
bo spin echo (SSH TSE) MRCP and axial DWI was added to
the MRCP routine protocol. The scan parameters of axial and
coronal T2 fast ﬁeld echo (FFE) were set as: TR and TE 5.9
and 3 ms, respectively; ﬂip angle 90; ﬁeld of view (FOV)
450 mm; slice thickness 5 mm; gap 0.5 mm and scan duration
33.5 s. The scan parameters of axial T2 single shot turbo spin
echo (SSH TSE) were: TR and TE 515 and 100 ms, respec-
tively; ﬂip angle 90; ﬁeld of view (FOV) 400 mm; slice thickness
3.5 mm; gap 1 mm and scan duration 2.30 min.
The scan parameters of 3D MRCP turbo spin echo (TSE)
were: TR and TE 1260 and 650 ms, respectively; ﬂip angle
90; ﬁeld of view (FOV) 300 mm; slice thickness 6 mm without
gap (0 mm) and scan duration 5.27 min. These source images
were reconstructed into 3D MRCP images using the maximum
intensity projection (MIP) function that allowed rotation of
3D MRCP image in any direction.
2D breath hold single shot turbo spin echo (SSH TSE)
MRCP parameters were set as: TR and TE 8000 and 900 ms,
respectively; ﬂip angle 90; ﬁeld of view (FOV) 250 mm;
slice thickness 40 mm without gap (0 mm) and scan duration
8.0 s.
DW imaging was performed using a respiratory triggered
echo planar imaging (EPI) technique with TR/TE =
2450 ms/64 ms; matrix size = 128 · 128; FOV= 420 mm;
number of excitations = 6, slice thickness = 5 mm, slice
gap = 1 mm, and acquisition time = 3–4 min. The b-values
were set at 0, 500 and 800 s/mm2. ADC images were calculated
from individually acquired images with a diffusion gradient
applied along the x, y and z orthogonal axes.
2.3. Image analysis
Image post-processing was performed using a workstation (HP
ZR 24 W; Philips Medical Systems).
The apparent diffusion coefﬁcient (ADC) values of the le-
sions in the DWI sequence were calculated for three different
b-values.
After the ADC map was calculated using the work station
software; the ADC values could be automatically measured by
applying regions of interest (ROI) on the image.
The ROI was drawn by selecting lesion areas with high sig-
nal intensity in DWI and low signal intensity in ADC map.
The size of ROI was preferably between 6 and 20 mm2.
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and quantitatively by the ADC map which is the quantitative
parameter calculated from DWI.
2.4. MR interpretation
DWI using b-values of 500 and 800 s/mm2 was visually evalu-
ated compared with the signal intensity of the liver, by deﬁning
the lesion as exhibiting isointense signal, slightly hyperintense
signal and signiﬁcantly hyperintense signal.
Visual assessment of the signal intensity of biliary tree le-
sions was performed, classifying them into malignant or be-
nign lesions.
The evaluation criteria for malignancy were assigned as (7):
malignant lesion displays high signal intensity in DWI with b-
values of 500 and 800 s/mm2. ADC map shows low signal
intensity and has a relatively low ADC value. Otherwise, the
lesion was considered benign with a higher ADC value.
Criteria for a malignant stricture in MRCP images were a
stricture that is characterized by an irregular narrow edge,
non-symmetry of the narrowing and an abrupt cut-off (8).
Benign strictures on MRCP images show smooth and grad-
ual narrowing of the bile ducts usually of short segment
involvement (9).
2.5. Statistical analysis
IBM SPSS statistics (V. 21.0, IBM Corp., USA, 2012) was
used for data analysis. Data were expressed as mean ± SD
for quantitative parametric measures.
The diagnostic validity test was done for both the MRCP
imaging and DWI for the biliary duct stricture lesions. It in-
cluded the diagnostic sensitivity, diagnostic speciﬁcity and
diagnostic accuracy as well as the positive and negative predic-
tive values.
The probability of error (P-value) of <0.05 was considered
statistically signiﬁcant.
3. Results
Thirty-eight cases were examined in the study with average age
of 48 years (range 35–76 years). All 38 cases were conﬁrmed by
histopathological examination, surgical procedures and/or fol-
low up stability for at least 6 months.
3.1. Visual evaluation of DWI
Malignant (cholangiocarcinoma) strictures of the biliary tree
more frequently appeared hyperintense than benign strictures
on DWI using b-values of 500 and 800 s/mm2. They showedTable 1 The ADC values of benign and malignant extrahe-









500 1.38 ± 0.41 2.0 ± 0.37
800 1.25 ± 0.28 1.7 ± 0.45low signal intensity in the ADC map (Table 1). As the b-value
was increased, the ADC value of the lesion gradually de-
creased. Of the 38 cases, 23 were extrahepatic malignant stric-
tures (cholangiocarcinoma; 13 located at the hepatic hilum and
10 located at the distal extrahepatic bile duct), and 15 were be-
nign strictures; 6 of which were cholangitis, and 9 were distal
to bile duct stones (Figs. 1–6). Malignant strictures more fre-
quently appeared signiﬁcantly hyperintense on DWI using a
higher b-value of 800 s/mm2 than DWI using a lower b-value
(500 s/mm2) (Table 2).
Two malignant strictures showed isointensity on DWI
using b values of 500 and 800 s/mm2 with no increase in signal
intensity.
Only one benign stricture showed signiﬁcant hyperintensity
using a b-value of 500 s/mm2 and continued to show hyperin-
tensity using b-value of 800 s/mm2.
DWI using a b-value of 800 s/mm2 showed better results
than a b-value of 500 s/mm2 for detection of malignant extra-
hepatic biliary strictures.
3.2. Detection of benign and malignant strictures in DWI and
ADC map
DWI correctly diagnosed 21 out of the 23 pathologically pro-
ven malignant biliary strictures. The two cases undiagnosed by
DWI were due to the small size of the malignant lesion (4 mm)
in one case and due to artifact interference around the biliary
duct in the other case.
DWI also correctly diagnosed all 9 cases of strictures distal
to biliary stones (Fig. 4) and 5 out of 6 cases of inﬂammation
(cholangitis). Thus, the overall rate of correct diagnosis (accu-
racy rate) was 92.1% (35/38).
MRCP correctly diagnosed 17 out of 23 cases of malignant
cholangiocarcinoma strictures (4 cases were misdiagnosed and
2 cases were not detected), 4 out of 6 cases of cholangitis (2
cases were misdiagnosed as cholangiocarcinoma ‘‘Figs. 5 and
6’’) and 7 out of 9 cases of strictures distal to bile duct stones.
Thus, MRCP correctly diagnosed 11 out of 15 cases of be-
nign biliary strictures. Accordingly, the overall rate of correct
diagnosis for MRCP was 73.6% (28/38) (Table 3).
Thus, the addition of DWI to the MRCP protocol changed
the ﬁnal diagnosis in 7 out of 38 cases (18.4%).
The diagnostic sensitivity and speciﬁcity of MRCP were
73% and 64.7%, respectively. Whereas, for DWI, the diagnos-
tic sensitivity and speciﬁcity were 91.3% and 93.3%,
respectively.
The differences in the diagnostic sensitivity, speciﬁcity and
accuracy between both MRCP and DWI for differentiation be-
tween malignant and benign strictures of the biliary tree were
of statistical signiﬁcance (P< 0.05).
The positive predictive value of DWI (95.4%) was higher
than that of MRCP (81%). Also, the negative predictive value
of DWI (87.5%) was higher than that of MRCP (64.7%).
Again, the differences between the two values were statistically
signiﬁcant (P< 0.05).4. Discussion
Diffusion-weighted magnetic resonance imaging (DWI) pro-
vides information concerning the random motion of water
Fig. 1 A 63 year-old man with lower end CBD malignant stricture. (a) MRCP shows mild intrahepatic biliary radicles dilatation and
moderate extrahepatic biliary radicles dilatation with abrupt termination at the lower end of CBC. (b) Axial T2 WI shows irregular
thickening at the lower end of CBD (arrow). (c) DWI (b= 800 s/mm2) shows a hyperintense malignant lesion at the lower end of CBD
exhibiting diffusion restriction (arrows). (d) ADC map (b= 800 s/mm2) displays hypointense lesion (arrow) with low ADC value
1.2 · 103 mm2/s.
722 R.A. Maarouf et al.molecules in the body. The degree of restriction to water mol-
ecule diffusion is directly related to tissue cellularity and cell
membranes integrity. In tissues with higher cell density and
with many intact cell membranes, such as malignant tumor tis-
sue, the movement of water molecules is more restricted than
in less cellular tissues (6,10).
The degree of water movement is known to be proportional
to the degree of signal attenuation in DWI. Therefore, more
cellular solid tumors exhibit relatively higher signal intensity
(restricted diffusion) and show lower apparent diffusion coef-
ﬁcient values (ADC, expressed in mm2/s) on DWI. On the
other hand, tissues with less cellularity show higher ADC val-
ues (10). The b-value is the diffusion sensitive coefﬁcient, it
determines the sensitivity of water diffusion in the tissue
examined.
In biological tissues, signal reduction on DWI not only de-
pends on the diffusion effect of water molecules, but also on
the reperfusion from the capillary microcirculation (11). Yam-
ada et al. (12) reported that when a low b-value was used, the
resulting ADC value mainly reﬂected the blood perfusion
status of the tissue. Therefore, high b values should be used
to reﬂect the true diffusion ability of the water molecules in
the lesion.
In our study, b-values of 0, 500 and 800 s/mm2 were added
to the routine MRCP protocols.
Bile in the biliary tract may attain high signal intensity on
DWI due to a long T2 relaxation time. This phenomenon is
called the ‘T2 shine through’ effect. This owes to the fact that
DWI is inherently T2-weighted, an extra-long T2 relaxation
time can also display as continuous hyperintensity on DWI,
which may be misdiagnosed as restricted diffusion (7,13).
To overcome this effect, ADC values are calculated using
two images with different b values. DWI using higher b valuesresult in a more apparent signal reduction from moving bile
protons in the biliary tract with resultant increased contrast
between the biliary strictures and the surrounding tissues,
and thus the strictures are more clearly displayed.
In our study, it was concluded that a b-value of 800 s/mm2
was better than that of 500 s/mm2 for diagnosis of malignant
biliary strictures, since DWI using a higher b-value decreases
the T2 shine-through effect of the bile in the biliary ducts
and reﬂects truly the diffusion ability of the water molecules
in the lesions, thus resulting in increased contrast and better
visualization of the malignant biliary strictures which appeared
signiﬁcantly hyperintense compared with DWI using a lower
b-value (Figs. 1–3). Therefore, b= 800 s/mm2 should be
regarded as a reasonable value for DWI in detection and
differentiation of biliary strictures.
MRCP is highly accurate in the detection of a bile duct
obstruction and identifying its level. Although, the differenti-
ation between benign and malignant biliary strictures by
MRCP is sometimes difﬁcult, inspecting the bile duct lumen
and wall on thin section images helps in identifying malignan-
cies, which often cause an eccentric, abrupt change in biliary
duct caliber, with irregular shouldering at the point of
ransition from large obstructed to small caliber decompressed
ducts. Benign biliary strictures tend to show short segment
involvement with smooth, gradual and concentric narrowing
(14) (Fig. 4).
Our results showed that the diagnostic sensitivity and spec-
iﬁcity of MRCP were 73% and 64.7%, respectively. These sen-
sitivity results are lower than those of Guarise et al. (15), who
reported a sensitivity of 87%, yet our speciﬁcity results are
higher than their results of 51%. Our results are nearly similar
to those of Cui and Chen (10), who reported a sensitivity and
speciﬁcity of 74.3% and 71.4%, respectively.
Fig. 2 A 69 year-old man with common hepatic duct cholangiocarcinoma extending to left hepatic duct. (a) MRCP shows diffused
intrahepatic biliary radicles dilatation and marked dilatation of the right and left hepatic ducts with a stricture and abrupt cut off at
common hepatic duct level(arrow). (b) DWI (b= 800 s/mm2) shows high signal intensity of the cholangiocarcinoma lesion extending to
the left hepatic duct (arrow). (c) ADC map (b= 800 s/mm2) image shows a low-signal intensity cholangiocarcinoma (arrow) with ADC
value 1.1 · 103 mm2/s.
Fig. 3 A 57 year-old man with CBD cholangiocarcinoma extending to CHD. (a) MRCP image shows diffused intrahepatic biliary
radicles dilatation and gall bladder as well as the CBD down to its middle 1/3 where there is abrupt cut off with irregular shouldering,
denoting a malignant stricture. (b) T2W axial image shows an irregular soft tissue intraductal growth (arrowed) at CHD level. (c) DWI
(b= 800 s/mm2) image shows a hyperintese cholangiocarcinoma mass (arrow). (d) ADC map (b= 800 s/mm2) image shows a
hypointense area (arrow) and the ADC value of this cholangiocarcinoma is 1.05 · 103 mm2/s.
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Fig. 4 A 48 year- old women with a CBD benign stricture due to repeated passage of stones (a) MRCP image shows dilatation of the
common bile duct ending in a smooth tapering stricture at its lower end (arrow) and two tiny stones are noted just above the stricture site
(arrowhead). (b) T2W axial image shows circumferential smooth wall thickening of the CBD (arrows). (c) DWI (b= 800 s/mm2) shows
isointensity at the stricture site with no diffusion restriction indicating the benign nature of the stricture (arrows). (d) ADC map
(b= 800 s/mm2) image also shows a high ADC value of 2.1 · 10 mm2/s.
Fig. 5 A 38 year-old woman with lower end common bile duct stricture. (a) MRCP shows diffused intrahepatic biliary radicles dilatation
and marked dilatation of the CBD with abrupt cut off at its lower end (arrow), thus giving the impression of a malignant stricture by
MRCP criteria. (b) Axial T2 WI demonstrates smooth circumferential thickening of lower end of the CBD (arrows). (c) DWI
(b= 800 s/mm2) shows isointensity at the stricture site with no diffusion restriction (arrows)., thus denoting its benign nature. (d) ADC
map image shows a high ADC value of 1.8 · 103 mm2/s. Histopathological examination veriﬁed the benign nature of the stricture.
724 R.A. Maarouf et al.Our results show that DWI has a greater diagnostic
sensitivity (91.3%), speciﬁcity (93.3%) and accuracy (92.1%)
than MRCP in differentiation between malignant andbenign extrahepatic biliary strictures. Also, in a study by Cui
and Chen (10) using 2 b-values of 0 and 500 s/mm2, the sensi-
tivity, speciﬁcity and accuracy for the diagnosis of extrahepatic
Fig. 6 A 51 year-old man with a biliary stricture at the lower end of the CBD. (a) MRCP image shows marked intrahepatic and CBD
dilatation with abrupt cut off at the lower end of the CBD (arrow) denoting malignant stricture by MRCP criteria. (b) T2W axial image
shows circumferential wall thickening of the lower end of the CBD (arrows). (c) DWI (b= 800 s/mm2) shows isointensity at site of
stricture (arrow) indicating no diffusion restriction and thus benign nature of the lesion. Histopathological examination veriﬁed the benign
nature of the CBD stricture.
Table 2 The results of visual evaluation of DWI at b-values of 500 and 800 s/mm2 of the examined biliary strictures.
b= 500 s/mm2 b= 800 s/mm2
Benign (n= 15) Malignant (n= 23) Benign (n= 15) Malignant (n= 23)
Isointense 11 (73.3%) 2 (8.6%) 12 (80%) 2 (8.6%)
Slightly hytperintense 3 (20%) 6 (26%) 2 (13.3%) 0
Signiﬁcantly hyperintense 1 (6.7%) 15 (65%) 1 (6.7%) 21 (91.3%)
Total 15 23 15 23
Table 3 Number of patients with malignant and benign







Malignant stricture 21 1 22
Benign stricture 2 14 16
MRCP
Malignant stricture 17 4 21
Benign stricture 6 11 17
Total 23 15 38
The added value of diffusion-weighted MR imaging to MR cholangiopancreatography 725cholangiocarcinoma were 94.3%, 100% and 96.4%,
respectively.
Extrahepatic malignant cholangiocarcinoma leads to an
increased cell density with decreased extracellular space and
restricted water molecule movement, all of which increase
the cholangiocarcinoma signal. DWI provides good
background suppression effects (blood vessels, the bile duct
and intra-abdominal fat display obvious low signal intensities).This increases tumoral contrast with the surrounding tissues,
thus improving lesion detection and facilitating the observa-
tion of its size and scope (10).
On the other hand, MRCP only analyzes the site and shape
of the bile duct stricture when the cholangiocarcinoma is of an
inﬁltrative growth along the bile wall. MRCP shows that the
lesion is funnel shaped or a gradually narrowing cone shaped
stricture, being difﬁcult to differentiate from a chronic inﬂam-
matory biliary stricture (Figs. 5 and 6).
On DWI using a high b-value, a hyperintensity with a low
ADC value at the point of transition from large obstructed to
small caliber decompressed ducts is highly suggestive of malig-
nant, rather than benign, bile duct lesion because benign le-
sions usually display iso or no hyperintensity to the
surrounding tissues at the transitional area. Therefore, this
ﬁnding can be a clue for distinction between benign and malig-
nant biliary strictures.
Nevertheless, still there is some degree of overlap as benign
active inﬂammatory cases rarely display hyperintensity while
some malignant cases may not be demonstrated on DWI using
high b-values (6,10).
726 R.A. Maarouf et al.In this study, there was one case of benign biliary stricture
that showed signiﬁcant hyperintensity on DWI using a b-value
of 800 s/mm2; thus, mimicking malignancy. The histopatholo-
gical diagnosis conﬁrmed the inﬂammatory nature of the le-
sion. Acute inﬂammation also may have an increased
cellularity with a decreased extracellular space and a restricted
water molecule movement resulting in restricted diffusion (16).
There were two cases of malignant biliary strictures in this
study that were not detected by DWI. One was unclearly dis-
played due to artifacts interference around the common bile
duct, while the other was due to the small size of the lesion
so the DWI changes in signal were not apparent.
Cui et al. (17) reported that when a diameter of a lesion is
<0.5 cm, the detection rate of the lesion in DWI remains low.
The application of DWI in the differentiation between
malignant and benign biliary strictures is still preliminary,
and further research studies are needed to evaluate its perfor-
mance in the biliary tract as well as its clinical value.
Nevertheless, DWI is of growing importance as it provides
additional functional information focused on tissue cellularity
and its alternation in case of malignancy, thus complementing
the morphological information obtained from conventional
MRCP.
In conclusion, the combined evaluation using additional
DWI with conventional MRCP improves the diagnosis and
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